A limited number of full-length gp120 sequences are currently available for subtype C HIV-1 from India. Sequence data from HIV-1 subtype C in early seroconverter stage virus are also very limited. With the objective of identifying the sequence variation in early seroconverters, we compared Indian subtype C gp120 sequences obtained from six early seroconverters presented in this study with non-Indian subtype C sequences from other parts of the world obtained from the Los Alamos database and subtype C potential vaccine candidate sequences. All these samples were collected within a few weeks of seroconversion and hence they represent gp120 sequences of currently circulating viral strains in India. The phylogenetic tree indicated that the Indian sequences compared here clustered together within the C clade. The seroconverter sequences presented in the study would surely help in identifying the immunogenic epitopes and could be utilized further for developing effective prophylactic strategies against HIV-1 subtype C for India.
G
ENETIC VARIATION BETWEEN HIV STRAINS is a challenge to the development of protective immune responses against HIV. Maximum sequence variation is observed in the env gene of all HIV genes. This diversity may influence gp120-mediated host-virus interactions. Studies on immune response in context with the genomic diversity in gp120 provide valuable data important in understanding immunopathogenesis of HIV disease. Such data assume importance in light of immunological interventions, in particular vaccine development, as a strategy for control of the HIV pandemic. Subtype C is the most prevalent HIV-1 subtype both globally and in Asia. The HIV-1 epidemic has exploded in India over the past two decades and India is expected to have the greatest number of HIV-infected individuals in the near future. 1 Subtype C accounts for the majority of HIV infections in India. Subtypes A and B and even recombinant virus strains have also been reported. [2] [3] [4] [5] Available data on Indian subtype C sequences suggest that they tend to segregate away from subtype C strains from other regions of the world. However, virological and immunological data on subtype C infections from India are limited. Most of the published data is focused on determining the HIV subtypes circulating in India [6] [7] [8] and limited sequence data characterizing HIV-1 subtype C are currently available. Molecular epidemiological data on Indian sequences are mainly focused on C2-V3-C3 or V3-V4 fragments of the env gene. [7] [8] [9] There are only a few full-length gp120 sequences currently available for HIV-1 subtype C viruses circulating in India 4 and fewer sequences are available from seroconverter stage virus. 5 The seroconverter samples reported by Lole et al. 5 were collected within 1 year of seroconversion and not in the acute stage, hence the virus may not be immunologically naive. No data on gp120 sequences on early seroconverter virus from India are currently available. The virus isolated during the early seroconversion stage is closely related to the transmitted strain and hence immunologically naive. An effective immune response against the transmitted strain may lead to efficient control of virus multiplication leading to better prognosis. Sequence analysis was carried out on the full-length gp120 region of the env from six early Department of Molecular Virology, National AIDS Research Institute, Pune, India.
seroconverters in an STD cohort in Pune on samples collected within a few weeks of seroconversion with the objective of characterizing HIV-1 strains isolated during the acute phase.
Participants in a cohort of persons with high-risk behavior were tested for HIV antibody (Detect-HIV MC , Biochem Immunosystems Inc.) at every 3-month visit and were provided with pre-and posttest counseling. Written informed consent was obtained from all patients. The reactivity in enzyme-linked immunosorbent assay (ELISA) was confirmed by rapid test (HIV TRI-DOT, BIOTECH INC.) and western blot (Quali-Code HIV-1 / 2 Western blot kit, Transasia Biomed Ltd). Serum samples negative for anti-HIV antibody were further screened by p24 antigen enzyme immunoassay (EIA) (HIV-1 p24 antigen ELISA test system, Beckman Coulter Corporation). Blood was collected from five of the participants after they tested positive in an HIV ELISA test for the first time during their routine follow-up visits and from one subject who was negative for HIV antibody but was positive in p24 antigen EIA. The approximate date of infection was calculated as the midpoint between the last negative and first positive HIV antibody test. The details of the participants are given in Table 1 . All samples were collected within 2 months of the estimated date of infection.
Peripheral blood mononuclear cells (PBMCs) from the study subjects were separated using the Ficoll-Hypaque density gradient centrifugation method. DNA was extracted from 3 ϫ 10 6 fresh or frozen PBMCs from five of the subjects and from KALPANA ET AL. 890 Nucleotide and peptide sequence alignments were generated using CLUSTAL W version 1.82 and percent similarity for the domains was determined using software DNASIS. Sequences generated were aligned and analyzed with previously published subtype C gp120 sequences from India 4-5 and subtype C from Botswana, Tanzania, South Africa, Zambia, and Brazil. [10] [11] [12] Subtype C potential vaccine candidate sequences listed by Gaschen et al. were also used for comparison; four of these were non-Indian subtype C strains. 13 Sequences representing major subtypes were obtained from the Los Alamos Database along with M ancestral and M consensus and C ancestral and C consensus sequences. 14 Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 2.1 (Kumar et al. 15 ) using the neighbor-joining method and M ancestral and M consensus sequences to root the tree.
HIV viruses isolated from patients in acute primary infection are more likely to be closely related to the transmitted virus. A potent immune response against the transmitted virus could lead to either prevention of HIV infection or modification of disease progression with better prognosis. The envelope protein is critical for the entry of the virus into host cells and the immune response to envelope proteins may have a major role in determining the outcome and the course of disease progression. There is marked variation in the env gene and this probably is one of the mechanisms used by HIV to escape the host immune response. Hence, characterization of the env gene is crucial to study molecular evolutionary changes occurring in the sequences over a period of time and also at different stages of HIV infection. Limited data are currently available on fulllength gp120 sequences obtained from seroconverter stage virus, particularly for Indian subtype C. This is the only study reporting subtype C early seroconverter gp120 sequences from India, which were obtained within a few weeks of seroconversion. Figure 1 shows the alignment of the gp120 sequences from which a consensus sequence was developed for the seroconverter sequences. The interclade phylogenetic tree constructed to evaluate regional, phylogenetic, and epidemiological variation showed that all subtype C sequences clustered together. The tree further showed that all the Indian sequences clustered away from African subtype C sequences (Fig. 2) . This is due to a founder effect, indicating that the viruses have descended from a single strain or limited diversity of strains introduced at the beginning of the epidemic in India. 9, 13 The conservation of cysteine residues in all the sequences presented in this study shows that the structure of the major variable domains might not have changed significantly. Net charges contribute to coreceptor usage of the virus. The C4 domain is positively charged and contains the basic residue lysine present in the IKQ segment at amino acids 417-419, which is responsible for the overall positive charge of the CCR5 interactive surface of gp120. The other residues, proline-435 and glycine-438, are also critical for CCR5 binding and alterations in these could affect the binding process. 16 In all Indian sequences, including previously reported seroprevalent 4 and seroconverter 5 sequences, these residues are well conserved and, thus, the virus might utilize CCR5 as the coreceptor. This is supported by the fact that almost all the virus strains tested from India use the CCR5 coreceptor and the CXCR4 receptor is not used by viruses isolated even during the terminal stage of HIV infection or AIDS. 17 Another characteristic feature of gp120 is the presence of potential N-linked glycosylation, and it is known to affect the protein conformation. The glycosylation sites may play a role in limiting the humoral antibody response and protecting the virus from immune recognition by providing a glycan shield to the virus. 18 All potential glycosylation sites are well conserved across the domains. The glycosylation site located in the V3 loop (NNT at position 300-302 in consensus) was present in all sequences except for NARI-IND-10. Interestingly, Wang et al. 19 reported such a mutation in the N-linked glycosylation in the V3 loop in more than 60% of the sequences analyzed from slow progressors and long-term nonprogressors.
Amino acid sequences show that V3 region is relatively conserved whereas V1/V2 and V4 are more variable regions of gp120 in Indian HIV-1 subtype C isolates. Amino acid sequence similarity in the V3 domain of all the sequences ranged from 52% to 68% with a mean value of 59.7% (SD ϭ 6.3). Sequence similarity for the V1, V2, V4, and V5 domains ranged from 9% to 45% with a mean value of 21.8% (SD ϭ 9.5), from 16% to 51% with a mean value of 31% (SD ϭ 9.8), from 25% to 50% with a mean value of 38.6% (SD ϭ 8.5), and from 25% to 50% with a mean value of 38.6% (SD ϭ 8.5), respectively. The V3 crown is the most extensively characterized, functionally important, immunodominant epitope within gp120. 20 The shape of the V3 loop is constrained by its relatively constant length (ϳ35 amino acids) and all the sequences reported here exhibited conservation of amino acids, with at least 26 out of 35 residues conserved. The tip of the V3 loop of all sequences contained the GPGQ motif typical of subtype C viruses.
The sequence variations influence immune recognition and
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could be responsible for the escape mutants. Although the cytotoxic T lymphocyte (CTL) response is an important arm of the immune apparatus active against HIV, little information about CTL responses in subtype C infections exists. 21, 22 Sequences generated from early seroconverters would be immunologically naive and would exert a strong CTL response. Using online HLA Peptide Binding Prediction software BIMAS (http://bimas.dcrt.nih.gov/molbio/hla_bind), epitope analysis was carried out on the consensus sequence developed for these seroconverter sequences. The functional CTL epitopes representing subtype B of HIV-1 listed in the Los Alamos immunology database are present in our consensus sequence as TVYYGVPVWK (from aa 36 to 45), LFCASDAKAY (from aa 51 to 59), RPNNNTRKSI (from aa 297 to 306), and RIKQI-INMW (from aa 416 to 424). These epitopes would exert crossclade activity and might be useful in cross-protection against HIV infection. The epitope PNNNTRKSIRIGPGQTFYA (from aa 298 to 318) documented by Novitsky et al. 20 in the V3 loop in Botswana subtype C sequence was present in our consensus sequence.
In conclusion, this is the only study reporting Indian subtype C gp120 sequences collected within a few weeks of seroconversion. These sequences, though limited in number, provide valuable data characterizing the env gene from HIV-1 seroconverters. All these samples were collected within a few weeks of seroconversion and hence they represent gp120 sequences of currently circulating viral strains in India. Indian subtype C gp120 sequences compared here clustered away from non-Indian subtype C sequences, thus supporting the concept of a founder effect. They also segregate from non-Indian subtype C
FIG. 2.
Phylogenetic analysis of HIV-1 envelope gp120 sequences comparing Indian subtype C sequences with previously reported Indian sequences, subtype C potential vaccine candidate sequences (DU422, ZA012, BR025, IN101, ZM651), gp120 sequences from Botswana (Bw) (accession numbers AF443097, AF443099 to AF443105, AF443107 to AF443112, AF443114, AF443115, AF110960, AF110965, AF110969, AF110974, AF110980), Tanzania (Tz) AF286235, AF286234), Zambia (Zm) (AF286225, AF286224), Brazil (Br) (AF286228), South Africa (SA) (AF286227, AY118165, AY158533, AY158535), and other subtype sequences. Reference sequences were obtained from Los Alamos HIV databases: subtype A (U455), subtype B (SF2, SF162, NL43, HXB2), subtype D (MALCG, SE365A, NDK, ELI), subtype AE (93TH253, CM240), subtype F (BZ126A, 93BR29.2), subtype G (LBV21-7), and subtype J (J97DC.MBS41, J97DC.MBTB4, SE9173). This tree uses the M group consensus as the "out-group," a sequence brought into analysis, which helps to determine ancestral states and roots of the "in-groups." This gives a realistic location for ancestral nodes. Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 2.1 (Kumar et al. 15 ) using the neighbor-joining method. The gp120 sequences presented in this study are shown in italics (from NARI-IND-10 to NARI-IND-15).
sequences that have been considered as potential vaccine strains. However, one of the important unresolved areas in HIV vaccines is whether clade-specific vaccines or those that can induce a cross-clade CTL response will be more desirable. Continuing the study with the analysis of CTL responses in these patients along with HLA haplotyping would prove beneficial. Indian subtype C gp120 sequences from early seroconverters might prove helpful in designing prophylactic vaccines against HIV infection in India. 
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This project was funded through the Department of Biotechnology, Government of India and intramural grants from the Indian Council of Medical Research, New Delhi for the project. We thank Dr. Cecilia Dayaraj and Dr. Kavita Lole from the National Institute of Virology, Pune, India for their help in cloning three of our PCR products. We acknowledge the staff of the National AIDS Research Institute, Pune, India who helped in collecting the samples and in generating the data. T he HIV type 1 (HIV-1) transmembrane envelope glycoprotein gp41 consists of fusion domain, 2 heptad repeats (the N-heptad repeat HR1 and the C-heptad repeat HR2), transmembrane domain (TM), and the long cytoplasmic tail. The NH 2 terminal heptad repeat 1 segment and COOH terminal heptad repeat 2 segment form the stable 6-helix bundle of gp41 required for viral fusion. Peptides that correspond or overlap the heptad repeats are known to be potent inhibitors of HIV infection.
1 HIV-1 entry inhibitors such as T20 and 5-helix are targeted toward gp41 regardless of the HIV-1 subtypes. Gp41 is the only component of envelope protein, which interacts with the structural precursor element gag p55.
2 Gp41 has multiple functions such as membrane fusion, endocytosis signals, and calmodulin binding that potentially affect critical cellular signal transduction pathways. 3 The cytoplasmic tail of gp41 is involved in the incorporation of envelope protein into the virion 4 and is required for virus infectivity. 5 Gp41 thus plays an important role in both HIV replication and pathogenesis.
The HIV-1 epidemic has rapidly expanded in India, and it was estimated that, by the end of 2004, there would be 5.28 million HIV-1Yinfected individuals in the country. Fifty-six percent of total HIV infections belong to subtype C, with subtype C being the predominant subtype in South Africa, India, and China. 6 The reports on phylogenetic analysis of Indian sequences suggest that these sequences segregate away from subtype C sequences found in other parts of the world. 7, 8 Evidence from our earlier studies also indicates that the Indian viruses originated from a single strain.
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However, the sampling is limited relative to the scale of the epidemic in India. Limited data from Indian subtype C viruses characterizing the env gp41 sequences are available. In the present study, we have described the molecular epidemiological significance of Indian HIV-1 subtype C gp41 env sequences.
MATERIALS AND METHODS
Study Population
The study population comprised 8 HIV-1Yinfected individuals. Seven of 8 were infected through sexual contact, and one individual was a minor, infected through vertical transmission. Written informed consent was obtained before enrollment of the study participants, and, in the case of the child, the guardians were counseled, and written consent was obtained from the guardians before collection of the blood sample. Of the 8 individuals, blood from 3 subjects was collected when they were HIV-seronegative but p24 antigenYpositive (ie, during acute primary phase), whereas the remaining 5 individuals were known to be HIV-1Yseropositive at the time of sample collection. The details of the study participants are summarized in Table 1 .
Genomic DNA Extraction and Heteroduplex Mobility Analysis
Peripheral blood mononuclear cells were separated using standard Ficoll-Hypaque density-gradient centrifugation method. Genomic DNA was extracted from approximately 3 Â 10 6 fresh and/or frozen peripheral blood mononuclear cells using Qiagen blood kit (Qiagen, Hilden, Germany) according to manufacturer's instructions. HIV- 
Sequencing and Primer Designing
Of the 8 individuals enrolled, the gp160 clones were generated for 7 study subjects, and for 1 subject, full-length HIV-1 genome was cloned using the protocol published elsewhere. 12, 13 Twenty sequences obtained from clones representing 8 HIV-1 study participants were analyzed. The gp41 region was sequenced using a panel of 6 overlapping primers. The primers were designed according to the subtype C sequences using Primalign software (www.hiv.lanl.gov). The primers used for sequencing the gp41 region were GP41- 
Nucleotide Alignment and Phylogenetic Analyses
The fragments generated after sequencing were analyzed using SeqScape 2 software (ABI prism Model 3100, Perkin Elmer, Norwalk, CT). Nucleotide alignment was performed using Clustal X software, 14 and the output alignment was edited manually to remove the gaps to be used for the construction of the phylogenetic tree. The phylogenetic tree was constructed with MEGA 2.1 software using neighbor-joining method. 15 The sequences were compared with reference gp41 sequences obtained from the Los Alamos database (www.hiv.lanl.gov): subtype BV HXB2 (K03455), HIVJRFL (U63632); subtype AVU455A (M62320); subtype DVZR085 (U88822); subtype EV CF11697 (AF197340), CF402 (U51188); subtype FVVI850 (AF077336); subtype GVDRCBL (AF084936), SE6165 (AF061642); subtype HVCF056 (AF005496), VI991 (AF190127); subtype JVSE92809 (AF082394), SE91733 (AF082395); and subtype KVCMMP535C (AJ249239), EQTB11C (AJ249235); ancestral M, consensus M; and ancestral C, consensus C sequences, updated in August 2002. 16 Non-Indian subtype C sequences from China (AF286226, AF286229-AF286230, AF268277), Brazil (U52953, AF 286228), Botswana (AF443074-AF443115, AF110959, AF110962, AF110967, AF110971-AF110973, AF110976, AF110981), South Africa (AF286227, AY043173-AY043176, AF391233-AF391235, AF391238, AF391240, AF391242-AF391243, AF391246-AF391247, AF391249-AF391250), Tanzania (AF286234-AF286235, AF361874-AF361875, L22944), Zambia (AF286224-AF286225), and Ethiopia (ETH2220 [U46016]) were used for phylogenetic analysis. Consensus sequences were developed for all published subtype C sequences to be used for phylogenetic analysis. The previously published Indian sequences used for analysis were 11246KL, 21068KL, 21301KL, 301904KL, 301905KL, 301999KL (accession nos. AF067154-AF067159), IN012 (286231), IN022 (AF286232), IN101 (AB023804), and CALCMANDAL (AJ276221).
Eight consensus sequences were developed using corresponding sequences of all the clones sequenced for each study subject. The nucleotide sequences were then conceptually translated into respective amino acid sequences using the Translate Expasy (www.Expasy.com) online program. A consensus was developed using all these 8 representative consensus sequences using an online (http://www.hiv.lanl.gov/-/) program (Fig. 1) . SimPlot version 3.5 with a 200-nucleotide window and a step size of 20 was used to perform a similarity plot for gp41 using the software provided by Stuart Ray.
RESULTS AND DISCUSSION
Most HIV-1 infections in much of Southern Africa and India comprised subtype C virus. 17 The rapid increase in the predominance of subtype C might be due to behavioral or biologic factors that facilitate transmission and select the characteristics of these particular viral strains. HMA for V3 to V5 and heptad repeat 1 of gp41 env confirmed subtype C infection in all the 8 study individuals. Twenty gp41 sequences representing 8 HIV-1 subtype C study participants were analyzed for sequence variability, presence of mutations that could alter the properties of gp41 protein, and recognition of epitopes by the immune system.
Virus Subtyping Using Gp41 Sequences
The HMA results for these 8 samples indicated that a small portion of gp41 could also be used for subtype 2006 determination. This supports the development of gp41-based HMA as an alternative tool for subtype determination over the C2V3-and V3V5-based env HMAs. 18 The amplified fragment using HMA primers contained HR1 and a small portion of HR2 region of gp41. The sequences were further analyzed using SimPlot to identify the region of subtype C gp41 sequences that segregates away from nonsubtype C sequences. The gp41 sequences, including representative sequences of the other subtypes, were spanned thoroughly using the neighbor-joining matrix of the SimPlot program ( Fig. 2A) , and the percent similarity indicated that major variabilities were located in the 286-to 506-bp region. The (Fig. 2B) clearly segregated the subtype C sequences from gp41 sequences representing the other major subtypes. The region is highly polymorphic; even among the Indian gp41 sequences presented here, maximum sequence variation was observed for this region. Hence, the variabilities in heptad repeats could be used to determine the subtype of the virus and could well characterize the subtypes of HIV-1 group M. The gp41 sequences have been reported from India as part of full-length HIV-1 genome sequences. 12, 19 This is the first report where exclusive analysis of the gp41 sequences from Indian HIV-1 subtype C strains has been carried out.
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Monophyletic Lineage of Indian Sequences in Subtype C
The phylogenetic tree was constructed using MEGA 2.1 software. Neighbor-joining method using Kimura-2 parameter model and bootstrapping replications of 500 was used for construction of the tree. 20 M consensus and ancestral sequences were used to root the tree for resolution of the genetically defined lineages into well-defined clades or branches. The phylogenetic tree constructed for gp41 sequences, showing genetic distances (Fig. 3) , indicated that subtype C gp41 sequences clustered away from reference sequences of the other clades in the M group. The tree further indicated that Indian gp41 sequences form monophyletic lineage within subtype C. This supports the fact that HIV-1 subtype C has multiple subclusters. 21 These results were in agreement with our earlier results of phylogenetic analysis for gp120, nef, and gag sequences. 9Y11 This further indicated that our Indian subtype C sequences formed subclusters within Indian subtype C, supporting the presence of significant genetic polymorphism in Indian sequences. The interpatient genetic diversity ranged from 0.0623 to 2.18 (median, 0.119) and was supported by relative branch lengths in the phylogenetic tree. The phylogenetic tree further indicated that Indian sequences clustered with sequences from China and segregated away from sequences of African origin. Percent homology among the Indian subtype C sequences had ranged from 83% to 99% for gp41 region. SimPlot was further used to show percent similarity among subtype C sequences as compared with nonsubtype C sequences (Fig. 3) . Percent homology of Indian subtype C sequences with China subtype C sequences was 97%, whereas with African subtype C sequences, it was 95% (range, 93%Y96%). The consensus sequences derived for each of the sample were submitted to HIV blast (www.hiv.lanl.gov), and the blast result indicated that 7 of 8 consensus sequences were Indian subtype C, whereas NARI-IND-21 had maximum similarity with subtype C from China.
Sequence Polymorphism in Indian Subtype C Gp41
Of a total of 8 study participants, 7 were adults and one was a minor, and 3 of the 7 adults were acute seroconverters, whereas the rest were seropositive. We analyzed the sequences for polymorphism and sequence variation for functional domains. NARI-IND-20 sequences obtained from the minor were compared with the remaining gp41 sequences obtained from adult subjects, and there was replacement of L58M, N109S, and S129N in heptad repeats, whereas S158K, G224R, N243S, S260I, and Q356L were replaced in the transmembrane and cytoplasmic domain. The seroconverters and seropositive sequences were well conserved for most of the functional domains with little sequence polymorphism.
The N-linked glycosylation sites that are required for virus replication (positions 104Y106, 109Y111, 118Y120, and 130Y132 in consensus) were conserved in all our sequences. . The amino acid residues at positions 48L, 52I, 59L, 62T, and 69L in the heptad repeat that forms "-helix were conserved in all our sequences, except for NARI-IND-16, which contained I52V mutation. These residues are required for normal precursor-processing efficiency and subunit association for stabilization of envelope protein structure. 23 NARI-IND-21 had mutations G to R at 3 positions (7, 9, and 14 in consensus). The position and presence of glycine in the fusion domain of gp41 are necessary because glycine acts as an "-helixYdestabilizing FIGURE 3. Phylogenetic tree with genetic distances generated on comparing Indian subtype C gp41 sequences with previously published Indian sequences; other reported subtype C and representative sequences from other clades. Indian sequences tend to cluster within subtype C, indicating sequence diversity. The external nodes, the branch tips on the right of the tree, each represent an actual sequence. This tree uses the M group consensus as the ''out-group'' sequence brought into analysis to help determine ancestral states and roots of the ''in-groups.'' This gives the realistic location for ancestral nodes. The horizontal branch length represents evolutionary distance. 24 NARI-IND-21 had additional G87R and G93R mutations downstream of the heptad repeat 1 domain around the loop region. The Cys-(X) 5 -Cys motif (positions 91Y97 in consensus) that plays a role in transmitting a conformational signal from receptor-bound gp120 to gp41 to induce the fusion-activated hairpin 25 was conserved in all our sequences. The 61L in the HR1, which is required for syncytia formation, was conserved in all our sequences. The amino acid residues 86L, 89W, 90G, and 103W and a basic residue, 94K, were present in all our sequences, except in NARI-IND-21, which has substitution of W103N. These residues are required for fusion function and for association of gp41 with gp120. 26 The acidic residues 77E and 82D, present in all our sequences, are essential for fusion activity of gp41 with gp120. These acidic residues form intermonomer 77E with basic residue 72R and intramonomer 82D with basic residue 81K. 27 There was replacement of R72K in NARI-IND-21 and K81Q in NARI-IND-23.
The gp41 protein, which contains a long cytoplasmic tail of about 150 amino acids, is required for virus infectivity. Mutation in the amino acid residues of the cytoplasmic tail could affect the stability of the envelope glycoprotein. 28 The amino acid residues of the cytoplasmic tail were all almost conserved in our gp41 sequences. The amino acid sequence, PRRIR (positions 344Y348 in consensus), which has a major role in glycoprotein incorporation into the virion, was present in all sequences, except in NARI-IND-18, which had replacement of I347L. The neutralizing epitope, ERDRD (positions 232Y236 in consensus), defined for subtype B viruses had replacement of R233Q uniquely present in all our sequences. 29 This replacement is a unique characteristic feature of subtype C viruses. The diaromatic motifs, 302Y and 303W, of the KYLGSLVQYWGLELK sequence (positions 294Y308 in consensus) were conserved in all our sequences. These residues are required for infectivity of the virion, and the absence of these motifs presents a defect in envelope incorporation. 30 The cytoplasmic domain contains 2 cysteine residues, 257C and 337C, which were conserved in all our sequences and are required for envelope association with lipid rafts for assembly on budding virions. 31 The 37LLSGIV42, which is the critical docking site for the C-terminal peptide of gp41 in its putative inhibitory action, 1 was conserved in all our gp41 sequences. NARI-IND-21 had G40S mutation, which exhibits intermediate sensitivity to T-20 peptide. 32 Amino acids, 281SSLRGLQ287, were present in the cytoplasmic tail of all subtype C sequences. This was found to be the unique characteristic feature of subtype C sequences and is absent in the rest of the other major subtype sequences. This sequence was present in all our sequences, with S281N mutation in 2 of our sequences, NARI-IND-19 and NARI-IND-21. There was another mutation R284T in NARI-IND-19 and R284K in NARI-IND-21.
The gp41 protein contains some regions known to be highly immunogenic. The immunodominant motif, Cys-(X) 5 Cys (positions 91Y97 in consensus), was highly conserved in all our sequences, and mutation in cysteine residues of this motif eliminates the possibility of loop formation, which could result in the failure of antibody binding to this peptide. 33 There was mutation of I73V and V76I/L in all our sequences except NARI-IND-19. There were replacements of R72K and K81Q in NARI-IND-21 and NARI-IND-23, respectively, whereas the human monoclonal antibody 50Y69 recognizes RILAVERYLKDQ (positions 72Y83 in consensus), the amino acid sequence of env gene. All our gp41 sequences contained ALDSWN (positions 155Y160 in consensus) in place of ELDKWA, which is the epitope recognized by human monoclonal antibody 2F5. 34 Sequence analysis of a variety of primary isolates suggested that naturally occurring and in vitroYselected, neutralization-resistant viruses contain changes in the 157D and 158K positions of the ELDKWA motif. 35 In our sequences, NARI-IND-17 contained D157N mutation, whereas all sequences, except for NARI-IND-20 and NARI-IND-23, contained K158S mutation.
The phylogenetic analyses of gp41 would provide an attractive and informative tool for determination of distinct HIV-1 variants worldwide. The sequence variabilities and polymorphism in HIV-1 gp41 could be used in HIV-1 subtyping studies. The sequences presented here represent the strains circulating in India, and more systematic studies involving sequencing with molecular epidemiological studies to detect the mutations and polymorphisms should further be done for HIV-1 Indian subtype C viruses. Nevertheless, the sequences reported here will be of immense help to researchers in determining the role of this multifunctional protein of HIV-1. The sequences will provide valuable information related to peptides and peptide analogues recently being used as therapeutic HIV-1 entry inhibitors, as well as that related to the HIV diversity and its diagnostic implications in HIV/AIDS research.
Sequence data: Sequences submitted to GenBank and the accession numbers are AY935219-AY935238.
